A retrospective survey was conducted of the characteristics of acinetobacter infections in Hong Kong -seasonal and geographic distributions, frequency of isolation from various body sites, antimicrobial susceptibility and molecular epidemiology. Most (80%) isolates of Acinetobacter spp. belonged to DNA groups 2 (A. baumannii) or 13, as defined by growth at 44°C. An increased isolation rate in summer was related to higher ambient temperatures. The notion that acinetobacters are opportunist nosocomial pathogens was supported by the body site-and ward-specific distributions, which were similar to those of Pseudomonas aeruginosa and in marked contrast to those of coagulase-negative staphylococci and Escherichia coli. v p i n g of Acinetobacter isolates by arbitrary-primed polymerase chain reaction revealed extensive genotypic polymorphism, suggesting that numerous unrelated strains were circulating between patients. In view of the association with a high incidence of polymicrobial bacteraemia and multiresistance to antibiotics, a careful selection of appropriate antibiotics in combination is necessary for empirical therapy of infections caused by Acinetobacter spp.
Inkoduction
The genus Acinetobacter -which comprises nonfermentative gram-negative bacteria of low pathogenicity -has attracted recent clinical and research interest as members of the genus are implicated increasingly as nosocomial pathogens. Ubiquitous in soil and water, Acinetobacter spp. are also part of the indigenous flora of human skin. The remarkable resistance of some of these micro-organisms to prolonged desiccation and to multiple antibiotics has allowed them to adapt successhlly to the hospital niche [l, 21. The genus comprises at least 17 DNA groups (genomic species) [3-51, of which A. baumannii (DNA group 2) -a glucose oxidiser that is able to grow at 44°C -is involved most fiequently in hospital outbreaks [6-91. Several studies on the epidemiological and clinical features of acinetobacter infections have been published [10-151. Unlike the low incidence of Acinetobucter spp. isolated from in-patients in the West [lo] , an endemic presence of these organisms has been observed in this hospital [ 161. As comprehensive data about the prevalence of these organisms amongst hospitalised patients in this locality are lacking, a retrospective survey was conducted to elucidate the role of Acinetobacter spp. as opportunist nosocomial pathogens. The annual incidence of isolation and seasonal prevalence during the 5-year period 1990-1994 was determined. The relative distribution of Acinetobacter spp. with respect to isolation site and geographic location within the hospital, either in the general ward or intensive care unit (ICU), was compared to those of three other established nosocomial pathogens (Pseudomonas aeruginosa, coagulasenegative staphylococci and Escherichia coli). As the spectrum of infection caused by these organisms differs -l? aeruginosa is involved mainly in wound, respiratory and urinary tract infections; coagulasenegative staphylococci are linked usually to foreign device-related infections; and E. coli is related generally to intra-abdominal and urinary tract infections -they served as references for comparison. The epidemiological relationships between some of the Acinetobacter isolates were investigated by arbitraryprimed polymerase chain reaction (AP-PCR).
cal data from 1 Jan. 1990 to 30 Nov. 1994 were retrieved from the microbiology laboratory database and reviewed. When multiple isolates of the same organism from the same site were reported for one patient, only a single entry was included. Likewise, only the first positive blood culture from the same patient was included in the enumeration of bacteraemic episodes.
Bacteriology
Acinetobacter spp. were identified routinely as nonmotile, oxidase-negative gram-negative coccobacilli that grew only in aerobic incubation. The ability of each isolate to oxidise glucose in Hugh and Leifson's medium was tested. The isolates were reported as glucose-oxidising or non-glucose-oxidising strains of Acinetobacter spp. Since early 1995, non-haemolytic glucose-oxidising isolates from blood, wound, respiratory and urinary tract specimens were tested for growth at 44°C. These temperature-tolerant isolates were identified presumptively as A. baumannii (DNA group 2) or the unnamed DNA group 13 [5] . There was no further attempt to differentiate the isolates by DNA hybridisation or extensive substrate assimilation tests. Isolates of I? aeruginosa, coagulase-ntgative staphylococci and E. coli were identified according to standard criteria [ 171. When isolated from respiratory tract and wound specimens, unless Gram's stain of the specimen smear showed bacteria and a significant increase in the number of white blood cells, Acinetobacter spp., I? aeruginosa and coagulase-negative staphylococci were regarded as contaminants and thus not reported. Similarly, for urinary tract specimens, these organisms were reported only in instances of significant bacteriuria (>lo5 cfidml). In addition, they were also reported in catheter culture-positive specimens (>15 cfu).
Antimicrobial susceptibility testing
In-vitro susceptibility testing was performed routinely in this laboratory on all significant Acinetobacter isolates by the disk diffusion method recommended by the National Committee for Clinical Laboratory Standards [18] . Antibiotic disks were obtained from Becton Dickinson and contained ampicillin (10 pg), cephalothin (30 pg), cefuroxime (30 pg), ceRriaxone 
Arbitrary-primed PCR (AP-PCR)
In total, 60 clinical strains isolated from blood (28), respiratory tract (14) , urinary tract (10) and wound (8) (5'-CCA CAC GCG CAC ACG GGA-3'). PCR was performed in a Gene Cycler (BioRad) with the following programme: 30 cycles of denaturation at 94°C for 1 min, low stringency annealing at 45°C for 2 rnin and extension at 72°C for 1 min. The reaction was terminated with a final extension cycle at 72°C for 6min. The PCR products were separated by electrophoresis at 100 V for 1.5 h in an agarose 2% w/v gel, and detected by staining with ethidium bromide. T7 (5'-GTA ATA CGA CTC ACT ATA G-3') and LD
Results

Incidence
Data were available for 7475 strains of Acinetobacter isolated between Jan. 1990 and Nov. 1994. The average annual incidence of isolation was 298/10 000 hospital admissions (Table 1) . Acinetobacter spp. accounted for 34.9, 1 1.3 and 7.4% of non-fermenters, gram-negative bacilli and all bacteria, respectively. Acinetobacter spp. capable of oxidising glucose made up 94.5% of all isolates and 83.8% of the isolates tested (202 of 241 isolates) were able to grow at 44°C. Hence, with regard to genotype, most isolates were presumed to belong to the temperature-tolerant genospecies A. baumannii (DNA group 2) or the unnamed DNA group 13 [5] . Unless stated otherwise, the following sections focus specifically on the glucose-oxidising strains of Acinetobacter spp.
Seasonal prevalence
A seasonal variation in the isolation rate of Acinetobacter spp. was observed in the general ward (Fig. 1) . The largest number of isolates was obtained during July-Oct., 1990-1 993. The peak period corresponded with an increased number of isolates from all body sites. However, in the ICU, apart from a peak in Nov. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 , 1 , , 1 1 1 , , I ' The observed seasonality prompted an examination of the monthly distribution of I? aeruginosa, coagulasenegative staphylococci and E. coli during the same period. A similar ward-dependent seasonal isolation rate of I! aeruginosa was seen. In the general ward, the largest number of isolates of I! aeruginosa was collected during June-Sept., 1990-1 994 (Fig. l) , while in the ICU, the isolation rate remained steady with an average of 34 isolates/month. Unlike Acinetobacter spp. and I? aeruginosa, the incidence of coagulasenegative staphylococci and E. coli isolates was unaffected by seasonal changes (data not shown).
Comparative distribution of Acinetobacter spp. according to isolation site in patients in the general ward and ICU
In the general ward, 32.8, 25.8, 14.6 and 11.4% of Acinetobacter isolates were from wound, urinary tract, lower respiratory tract and sputum specimens, respectively ( Table 2 ). In the ICU, the isolates were mainly from lower respiratory tract specimens (75.5%).
The distribution of I? aeruginosa amongst general ward patients was similar to that of Acinetobacter spp., with 22.4% of isolates from wound, 27.9% from urinary tract, 1 1 .I% from lower respiratory tract and 28.3% from sputum specimens ( Table 2) . Likewise, the major isolation site in ICU patients was the lower respiratory tract (6 1.6%).
The relative distributions of coagulase-negative staphylococci and-E. coli differed from those of Acinetobacter spp. and 19 aeruginosa ( Table 3) . Acinetobacter spp. were the second most frequently encountered organisms, after coagulase-negative staphylococci, amongst all bacteria isolated from bacteraemic ICU patients.
The incidence of polymicrobial bacteraemic episodes amongst the four bacteria was highest with Acinetobacter spp. (25.2%) ( Table 3 ). The frequency of other organisms isolated simultaneously with I! aeruginosa, coagulase-negative staphylococci and E. coli was 1 5.5, 13.7 and 14.6%, respectively. When the types of organism isolated concurrently with each of the four groups were compared, similarity between Acinetobacter spp. and coagulase-negative staphylococci was observed ( Table 4) . More than half of the organisms isolated in conjunction with each of these two groups were skin colonisers and other non-fermenters likely to be acquired ectogenously by patients. This was in contrast to I! aeruginosa and E. coli, where at least half of the co-existing organisms were probably of endogenous origin (e.g., members of the Enterobacteriaceae and streptococci). Furthermore, the genus Acinetobacter was unique in that it existed with organisms of ectogenous and endogenous sources in similar ratio.
Antimicrobial susceptibility
The susceptibility of Acinetobacter spp. to 11 antimicrobial agents has remained unchanged over the past 5 years. At least half of the glucose-oxidising isolates were insusceptible to most /I-lactam agents (ampicillin, cephalothin, cefuroxime, ceftriaxone and amoxycillin + clavulanic acid), gentamicin and trimethoprim + sulphamethoxazole (Table 5) . However, 55.4% of these isolates were sensitive to ceftazidime. Susceptibility to other aminoglycosides (netilmicin and amikacin) and the quinolone ofloxacin ranged between 66. 4 and 72.7%. Most of these isolates were susceptible to imipenem, with resistance detected in only 5.8% of the isolates. In contrast, the majority of non-glucoseoxidising isolates were susceptible to most antimicrobial agents tested, except cephalothin which was active against only 14.1% of the isolates.
Genotypic polymorphism
Examples of amplification products obtained by PCR with (GTG):, as the arbitrary primer are shown in Fig. 2; 19 unique banding patterns were observed amongst the 60 clinical isolates identified presumptively as A. baumannii or the unnamed DNA group 13. Each PCR profile contained one to six DNA fragments with sizes of 0.18-1.01 kb. These profiles differed amongst isolates derived from patients residing in the same wards.
Discussion
Acinetobacter spp. have been isolated commonly from clinical specimens in this locality over the past 5 years, comprising 35% of non-fermenters, 11% of gramnegative bacilli and 7% of all bacteria isolated ( Table  1) . These values are similar to the corresponding -a n figures of 37, 12 and 7% reported in Taiwan and Singapore [ 19,201. The increase in the prevalence of nosocomial Acinetobacter spp. during summer has also been observed in the USA by the Centers for Disease Control [ 121. In investigating invasive acinetobacter infections, it was found that 53% of 32 meningitis cases and 41% of 27 bacteraemic episodes occurred in summer [ 13,2 11. The higher temperature and humidity of the ambient air in summer has been postulated to contribute to this peak incidence [22] . We suggest that if the warm weather is a contributing factor to the seasonality of acinetobacter infections, then a similar pattern for other organisms from environmental sources should be observed. Indeed, an annual increase of I? aemginosa isolates during the summer months was evident (Fig. 1) . The fact that the seasonal variation was observed in the general ward, but not in the ICU, further supported the proposition. In the early 1990s, the ICU was the only air-conditioned ward. Hence it is not unexpected that the seasonal pattern was absent in the ICU as a constant room temperature was maintained. Moreover, central air-conditioning was extended to all general wards in early 1994, which coincided with and may account for the lack of any seasonal increase of Acinetobacter isolates in the same year. Therefore, the observation of seasonality in some reports, and its absence in others [14] , could be explained by the variation in ambient temperature, or the lack of it in air-conditioned wards. However, we are unable to explain why the peak incidence of I? aeruginosa isolates persisted in 1994 after the installation of air-conditioning in all wards. It is possible that the organism's predilection for moist environments has contributed to its increased isolation during Hong Kong's humid summers.
The characteristics of acinetobacter infections were studied with a comparative approach. An attempt was made to correlate laboratory data with those of established nosocomial pathogens whose ecological reservoir was either related strongly to the hospital environment (l? aeruginosa), skin (coagulase-negative staphylococci) or the gastrointestinal tract (E. coli). In comparing the relative distribution of Acinetobacter spp. with those of the reference organisms, it was hoped to draw a parallel to the type of infection with which it is associated. The relative distributions of Acinetobacter spp. and I! aeruginosa amongst the various isolation sites and the two patient populations were similar ( Table 2 ). This suggests that the role played by Acinetobacter spp. in causing hospitalacquired infections in this region may be as prominent as that of I? aeruginosa.
The prevalence of acinetobacter infections differed amongst patients in different wards. In the general ward, almost 60% of Acinetobacter isolates were from wound and urinary tract specimens. In the ICU, isolates were cultured mainly from lower respiratory tract specimens. It seems likely that the bacterial reservoir differed between the two populations, probably with skin and urinary tract catheters in the former, and ventilators in the latter. This difference may reflect the overwhelming number of patients requiring mechanical ventilation in the ICU. Acinetobacter spp. are associated with endotracheal intubation and ventilation, and are the predominant pathogens causing ventilator-associated pneumonia [23, 24] .
The prevalence of acinetobacter-positive blood cultures in this locality was higher than published data in which these organisms accounted for <1% of total blood isolates [ 14,251. Acinetobacter spp. were the second most common micro-organisms isolated from bacteraemic ICU patients (Table 3) . They were isolated about three times more frequently from ICU patients than from patients in the general ward. In addition, these organisms were associated with the highest rate of polymicrobial bacteraemia (25 2%). Polymicrobial bacteraemia associated with I? aeruginosa, coagulase-negative staphylococci and E. coli represented 13.7-1 5.5% of total bacteraemic episodes. These figures were in agreement with those reported elsewhere [ 14,2 1,26301. The high polymicrobial bacteraemic rate of Acinetobacter spp. may reflect the potential polymicrobial sources of infection. The organisms isolated in conjunction with Acinetobacter spp. could be ectogenous or endogenous in origin (Table 4) . Therefore, direct or indirect contact with skin or foreign devices, as well as trauma that damages membrane integrity, are possible sources of bacteraemia. Seifert and Baginski [3 11 isolated glucose-oxidising A. baumannii from blood and vascular catheter-tip cultures in 45% of 31 bacteraemic ICU patients. Similarly, catheter-associated bacteraemia by the non-glucose-oxidising A. johnsonii was documented in 13 patients [32]. Peacock et al. [33] reported that 27% of 22 ICU patients developed acinetobacter bacteraemia following the appearance of this organism in sputum.
It was of interest that, in terms of the body site-and ward-specific distribution, Acinetobacter spp. were similar to I? aeruginosa. However, in terms of the types of organism co-existing in blood specimens, Acinetobacter spp. were more comparable with coagulase-negative staphylococci. Yet unlike any of the reference organisms, Acinetobacter spp. existed with similar proportions of organisms that may have been acquired by the patient ectogenously or endogenously. Therefore the genus Acinetobacter was unique in that it had no dominant apparent portal of entry into the bloodstream.
As in previous reports, in-vitro resistance of glucoseoxidising strains of Acinetobacter spp. to multiple antibiotics was observed, with imipenem having the greatest likelihood of activity against these bacteria ( Table 5 ). The antimicrobial susceptibility patterns of the glucose-oxidising and non-glucose-oxidising isolates were similar to those reported by Vila et al. [34] and Seifert et al. [35] . PCR with primers of a random sequence has been applied successfully to the molecular typing of A. baumannii [25, 36, 37] . When a simple tandem repeat, (GTG)s, was used as an arbitrary primer, 19 distinct profiles were obtained (Fig. 2) , and no major epidemiological relationship was detected amongst the isolates, although some clusters of isolates were obtained simultaneously from patients in the same ward. Hence the presence of a dominant clone circulating in this hospital was not detected. 
